Abstract The very recent discovery of planets orbiting very low mass stars sheds light on these exotic objects. Planetary systems around low-mass stars and brown dwarfs are very different from our solar system: the planets are expected to be much closer than Mercury, in a layout that could resemble the system of Jupiter and its moons. The recent discoveries point in that direction with, for example, the system of Kepler-42 and especially the system of TRAPPIST-1 which has seven planets in a configuration very close to the moons of Jupiter. Low-mass stars and brown dwarfs are thought to be very common in our neighborhood and are thought to host many planetary systems. The planets orbiting in the habitable zone of brown dwarfs (and very low-mass stars) represent one of the next challenges of the following decades: they are the only planets of the habitable zone whose atmosphere we will be able to probe (e.g. with the JWST).
Introduction
In the 10 pc around us, 75% of objects are low mass stars and brown dwarfs (RECONS project http://www.recons.org/, e.g. Henry et al. 2016) . It is thought that a majority of those low-mass stars and brown dwarfs (BDs) host planetary systems (e.g. Dressing and Charbonneau 2015) . For instance, the population of Earth-size planets in the habitable zone (HZ) of low-mass stars has been estimated to be between ∼ 20% (Dressing and Charbonneau 2015) and ∼ 40 − 50% (Bonfils et al. 2013; Dressing and Charbonneau 2013; Kopparapu 2013 ). The HZ is here defined as the region around a star in which a planet with a sufficiently dense atmosphere can host surface liquid water (e.g. Kasting et al. 1993; Selsis et al. 2007 ).
Because of the low luminosity of these objects, planets inside the HZ are sufficiently close-in to be influenced by the tidal interactions between the dwarf and the planets (Barnes et al. , 2009 (Barnes et al. , 2010 (Barnes et al. , 2011 . Moreover, the spectral distribution of these dwarfs and the proximity of the HZ would likely cause the climate to be very different from that of the Earth (e.g., Segura et al. 2005; Rauer et al. 2011 ).
This situation is even more extreme for BDs. They are not massive enough to start the hydrogen fusion reaction Baraffe 1997, 2000) so their temperature is even cooler than for M-dwarfs and they also cool down with time. Their HZ therefore moves inward and can even be within the Roche limit at late ages. Planets in the HZ of brown dwarfs should thus be submitted to strong tides (Bolmont et al. 2011 ) which influence their orbit and rotation.
The existence and fate of planets around BDs has been considered punctually over the years (e.g., the works of Desidera 1999; Andreeshchev and Scalo 2004; Bolmont et al. 2011; Barnes and Heller 2013) , but the recent discoveries of planetary systems around very low-mass stars (Kepler-42, a 0.13 M dwarf with at least three small planets: Muirhead et al. 2012 ; Proxima, a 0.123 M dwarf hosting at least a planet: Anglada-Escudé et al. 2016 ; and TRAPPIST-1, a ∼ 0.08 M dwarf with a multiple planet system: Gillon et al. 2016 Gillon et al. , 2017 have contributed to renew the interest on these objects.
The discovery of the TRAPPIST-1 planets also illustrates the importance to study those objects: indeed those planets are the only known planets of the HZ for which we will be able to probe the atmosphere with future instruments such as the JWST (e.g. Belu et al. 2013) or the E-ELT (Rodler and López-Morales 2014) . Note that other planets around low-mass stars could be targets for the JWST, like LHS 1140b (Dittmann et al. 2017) . However due to its high surface gravity and the scarcity of its transits, it would be a much more technically challenging observation than that of the TRAPPIST-1 planets. Note that TRAPPIST-1 is particularly interesting in the framework of this chapter, because its estimated mass is just above the theoretical limit between BDs and low-mass stars.
We first introduce brown dwarfs and discuss why they are so special in terms of hosting environments for planets and then explore different aspects of the habitability of planets orbiting brown dwarfs.
Brown dwarfs and their evolution
Before ever actually observing BDs, the existence of these objects has been conceptualized by Kumar (1963) and Hayashi and Nakano (1963) as being failed stars: not massive enough for the core temperature to reach values allowing the fusion of hydrogen. We first give the definition of a BD and then discuss what makes them so special when considering the habitability of potential planets.
What are brown dwarfs?
BDs are objects which are thought to form like stars (Luhman 2012) , by the gravitational collapse of a molecular cloud (thermal radio jets, typical of young stellar systems, have been detected in young BDs systems. This shows the continuity of the formation processes between low mass stars and BDs; e.g. Morata et al. 2015) . However, contrary to stars, these objects are not massive enough for their core temperature to reach the level needed to initiate the hydrogen fusion nuclear reaction (see Luhman 2012 for a review on BDs). They are therefore very faint and were first observed quite recently by Nakajima et al. (1995) and Rebolo et al. (1995) .
As the fusion temperature of hydrogen is of about 3×10 6 K, only objects of more than M ≈ 75 M J can initiate the PPI fusion reaction chain. This gives an upper mass for BDs Baraffe 1997, 2000) . The lower limit is however much less well defined. There are some arguments both observational (Caballero et al. 2007) and analytical (Padoan and Nordlund 2004; Hennebelle and Chabrier 2008) which suggest that the same star formation process can produce objects down to a few mass of Jupiter. One possible lower limit definition would be the deuterium fusion limit: studies show that objects of mass higher than ≈ 13 M J can still initiate the deuterium fusion reaction while objects less massive cannot. BDs would therefore be objects in the mass range of 13 to 75 M J and all objects with a mass lower than 13 M J would be planets (IAU definition, see Boss et al. 2007) . However this definition is more of an indication rather than a strong astrophysical limit. Indeed, Spiegel et al. (2011) showed that the limit of 13 M J can change between 11 and 16 M J when considering different metallicities for example.
The population of mini brown dwarfs and giant planets (formed in a protoplanetary disk) can have a common mass range. It is therefore fundamental to try to differentiate those two types of astrophysical objects (Leconte et al. 2009; Spiegel et al. 2011; Leconte et al. 2011a ).
Since the discovery of the first BDs in 1995, many more have been detected in star forming regions (in the Chamaeleon I cloud: Comerón et al. (2000) and López Martí et al. (2004) ), in open clusters (e.g., in the Pleiades: Zapatero Osorio et al. (1997) , and in the young open cluster IC 2391: Barrado y Navascués et al. (2001)) and also among field objects (Kirkpatrick et al. 1999; Phan-Bao et al. 2001) .
The number of detected BDs have thus risen thanks to observation missions such as 2MASS (Two Micron All Sky Survey, Skrutskie et al. 2006) or WISE (Wide-field Infrared Survey Explorer, Cushing et al. 2011 ). Due to their low temperature, BDs emit principally in the infrared and are therefore detected by instruments probing these wavelengths. As of 2016, the number of BDs (objets of spectral type L, T and Y) is of about 2800 (http://www.johnstonsarchive.net/astro/ browndwarflist.html).
Studies based on the Initial Mass Function (e.g. Salpeter 1955) tend to show that the number of low mass objects like BDs should be much higher than more massive stars. Chabrier (2002) revisited these studies focusing on BDs and showed that there should be as many BDs as there are stars. However, thanks to the intensive observational efforts, it has been shown that brown dwarfs are more scarce than previously thought. For example, the WISE survey (Kirkpatrick 2013) showed that within 8 parsec, there are 33 BDs and 211 stars (white dwarfs, O, B, A, F, G, K, M stars), which yield that there is 1 BD for every 6.4 stars (interestingly, there are 4.1 BDs for every G-star). More recently, the RECONS team (Henry et al. 2016) confirmed this tendency showing that there is one BD for every ∼ 10 stars within 10 parsec.
What is special about them?
Because BDs cannot initiate the hydrogen fusion reaction in their core, the energy due to this reaction is here missing to prevent the contraction and the cooling down of these objets. However, by definition, BD are massive enough to initiate the deuterium fusion. As this additional source of energy is able to compensate the radiative losses for a while, the contraction is slowed down and radius and luminosity reach a plateau. As the primordial abundance of deuterium is small and the reaction constants are big, this phase lasts only a few million years for massive BDs and about 100 million years when they are close to the deuterium fusion limit. Fig. 1 shows the evolution of the luminosity of several low-mass objects: from planets of 0.01 M (∼ 10 M J ) to low-mass stars of 0.08 M passing by BDs.
Planets Brown dwarfs
Low-mass stars Fig. 1 Evolution of the luminosity of low-mass objects of different masses (grids coming from Leconte et al. 2011b ). The two lower mass objects are planets in this model (the limit of deuterium fusion is never reached). The two upper mass objects are low-mass stars (the deuterium is quickly burnt in a few Myr, and the hydrogen fusion begins after a few Gyr). BDs are very cold objects (for example a 5 Gyr old BD of 0.02 M has an effective temperature of ∼ 500 K, see the grids of Leconte et al. 2011b ) which means that their HZ is located very close in. The cooling down of these objects also means that the HZ moves in with time, which has a strong importance for the potential habitability of planets.
Finally, their spectra are different from our Sun (Burrows et al. 2000; Allard 2014 ). Due to their low temperature, their spectra are redshifted and display much more molecular lines than the Sun. Fig. 2 shows the spectra of different dwarfs (Spectral types M, L, T and Y). The emission spectrum peaks around 1-2 µm for brown dwarfs, around 0.5 µm for the Sun and around 10 µm for the Earth. Decreasing the temperature and going from spectral type M to Y, we can see that the water and methane features become much more visible. These spectral features have impacts on the potential climates of planets. For instance, the ice-albedo feedback, which is a positive feedback (lower temperature → more ice → higher albedo → less absorbed radiation → lower temperature) does not occur around red dwarfs due to the much lower value of the albedo of the ice in the IR (Joshi and Haberle 2012) .
Habitability of planets around brown dwarfs
The inward migration of the HZ as the BD cools down has a major impact on potentially habitable planets: they might lose water early in their history. Moreover, as BDs are cool objects, the HZ is close-in and planets are subjected to tides.
Before reaching the habitable zone
Planets in the HZ of Gyr-old BDs were initially too hot to host surface liquid water. Fig. 3 shows the evolution of the HZ for a 0.04 M BD. The HZ moves inward with time so that planets spending some time in the HZ were all initially too hot for surface liquid water. The closer-in planets spend a lot of time interior to the HZ (almost 100 Myr for the closest surviving planet in Fig. 3 ). The farther the planet, the less time it spends interior to the HZ (10 Myr for the farthest planet in Fig. 3 ). During this time, all the water is in gaseous form in the atmosphere and is submitted to the high energy radiations from the BD. These radiations can break the water molecules and heat up the upper layers of the atmosphere to drive the escape of the hydrogen and oxygen atoms, which in the end results a net water loss. The dashed-dotted line corresponds to the corotation radius. A planet farther than this limit migrates outward due to the tide it raises in the BD (just like the moon is migrating away from the Earth). The dotted line represents the radius of the BD. The long dashes represent the Roche limit: a planet closer than this limit would be tidally disrupted and create a ring of material around the BD (just like Saturn's rings, which are located inside its Roche limit). The mechanisms driving the escape are complex and not well parametrized yet. However, a few studies (Barnes and Heller 2013; Luger and Barnes 2015; Ribas et al. 2016; Bolmont et al. 2017 ) have tried to give an insight on these phenomenons to estimate the water loss from planets orbiting BDs and low-mass stars. These studies differ on a few hypothesis but all use the variations of the same method which is based on the concept of the energy-limited escape mechanism (Watson et al. 1981; Lammer et al. 2003) . This mechanism relies on four steps: 1) the water molecules reach the upper regions of the atmosphere, 2) FUV radiation (100-200 nm) break the water molecules (photolysis), 3) XUV radiation (0.1-100 nm) heat up the upper layers of the atmosphere, 4) if the thermal velocity exceeds the escape velocity of the hydrogen and oxygen atoms, they can escape the planet. All these steps are considered to occur to compute the mass loss from the planets.
The estimation of the FUV and XUV radiations are very observationally challenging for brown dwarfs. Estimations of the X-ray luminosity exist for M-dwarfs (Pizzolato et al. 2003) and for brown dwarfs (e.g. Williams et al. 2014) , but the latter are actually mainly non-detections. Besides, for some cool dwarfs, the Lyman-α emission (121.6 nm), which is a good proxy for the photolysis wavelength range, can be measured (see Bourrier et al. 2017b for TRAPPIST-1). Very recently for TRAPPIST-1, the closest planet host we have to a brown dwarf, the following values have been obtained with the Space Telescope Imaging Spectrograph (STIS) on HST: L XUV = 5.26−7.30×10 26 erg.s −1 and L α = 1.44−1.81×10 26 erg.s −1 (Bourrier et al. 2017a) . The XUV luminosity is approximatively similar to that of Proxima Centauri but the Lyman-α emission is much lower (Bourrier et al. 2017b,a) . TRAPPIST-1 might be at a transition between active M-dwarfs and more quiet brown dwarfs.
The emission of a M-dwarf and the emission of a brown dwarf have no reason to be similar, and taking into account their difference leads to somewhat different estimations for the water loss. The studies about water loss from planets around lowmass stars and BDs mentioned before differ in the estimations of the high energy radiations. While Barnes and Heller (2013) and Luger and Barnes (2015) considered XUV fluxes measured for early-type M-dwarfs (e.g. Pizzolato et al. 2003) , Ribas et al. (2016) and Bolmont et al. (2017) considered more recent estimations of the XUV fluxes for later-type M-dwarfs (Williams et al. 2014; Osten et al. 2015) . Another main difference between these studies is that the latter used an estimation of the efficiency ε of the steps 3) and 4) based on 1D radiation-hydrodynamic massloss simulations (Owen and Alvarez 2016) . Fig. 4 shows the results obtained by a) Barnes and Heller (2013) and b) Bolmont et al. (2017) . Due to the lack of observations and the uncertainty over the ε parameter (the efficiency of converting the XUV photons into the kinetic energy of escaping particles), Barnes and Heller (2013) explored the parameter space of the XUV luminosity (via L XUV /L bol ) and ε (see Fig. 4a ). They concluded that the uncertainties are too big to rule in favor or against the presence of water on planets orbiting in the HZ of brown dwarfs. In contrast, Bolmont et al. (2017) showed that there is a sweet spot for potentially habitable HZ planets: planets which do not lose a lot of water before reaching the HZ and which spend a long time in the HZ afterwards. Fig. 4b) shows the parameter space corresponding to this sweet spot. When considering the range of possible XUV fluxes, the sweet spot moves around but is always existing and non negligible for the less massive planets.
To sum up, there is no consensus yet on the question of whether planets around BDs lose their water by the time they reach the HZ and the next step will likely come from observations. Indeed, now that planets around very low-mass dwarfs are being discovered, the next tests will be to try to constrain their densities or try to detect (2017) water in the atmosphere of the very close-in planets. For instance, the masses and densities of the TRAPPIST-1 planets can be estimated with transit timing variations (Gillon et al. 2017, Grimm et al. submitted) . A low density gives an indication on the presence of volatiles and the first estimates seem to be pointing in that direction for the TRAPPIST-1 planets. The presence of water on these planets could be an indication that the water loss is overestimated in the studies done so far. In such a context, the future observations of the JWST will be invaluable (Barstow and Irwin 2016; Morley et al. 2017 ).
In the habitable zone
Once the hot early phase has passed, one important factor for the eventual appearance of life is the time the planets actually spend inside the HZ. The most important parameters that influence the time a planet spends in the HZ are the orbital distance of the planet and the mass of the BD: the farther the planet the shorter the time in the HZ (see Figs. 3 and 4b ) and the more massive the BD, the longer time in the HZ.
However the orbital distance of the planet can evolve with time through the tidal interaction between the planet and the BD.
Time spent in the habitable zone vs tidal migration
Tidal interactions are an important phenomenon that sculpts the architecture of close-in planetary systems. Both the tide raised by the planet in the BD (BD tide) and the tide raised by the BD in the planet (planetary tide) are playing a role in the evolution of the planetary system. Both tides influence the semi-major axis a and eccentricity e of the planet. The planetary tide also influences the planet's rotation period Ω p and its obliquity ε p (the angle between the planet's rotation axis and the direction of the orbital angular momentum, the obliquity of the Earth is of about 23 • ). The BD tide influences the inclination of the planet (or the BD obliquity ε ) and the rotation Ω * of the BD. Fig. 5 shows the evolution timescales for the different quantities for a 1 M ⊕ planet orbiting a 0.04 M BD due to the a) planetary tide and b) BD tide. The evolution timescales depend on the stellar and planetary parameters and the orbit parameters. Among the parameters is the dissipation, which is a measure of how the system loses energy. This parameter is very poorly constrained and depends on the structural and rotational parameters of the body considered (e.g. for stars, Mathis 2015) . Most tidal orbital studies use a simple model of equilibrium tide, where the dissipation is parametrized by a single parameter: a time lag ∆t in the constant time lag model (e.g., Mignard 1979; Hut 1981; Eggleton et al. 1998) , or a quality factor Q in the constant phase lag model (e.g., Goldreich and Soter 1966) ). Fig. 3 shows the tidal evolution of planets around a 0.04 M BD. These planets are initially on circular orbits, with a zero obliquity and a synchronized rotation so only the BD tide influences their orbital evolution. The planets undergo an important tidal migration, which makes them either fall onto the BD or survive the early evolution and migrate outwards. When the planets are in the HZ, their orbital distance is constant: the evolution timescale due to the BD tide has become so large (due to the small BD radius) that planets do not significantly migrate over timescales of several gigayears. Andreeshchev and Scalo (2004) estimated the time a planet orbiting a BD can spend in the habitable zone. However, they did not take into account the tidal interactions between the BD and the planet. Bolmont et al. (2011) and Bolmont (2013) showed that this interaction acts to decrease the time a planet can spend in the HZ. They showed that 1) the higher the BD mass, 2) the higher the dissipation in the BD, 3) the higher the dissipation in the planet, the less time the planet spends in the HZ (See Fig. 4b for the effect of the mass of the BD). However, despite that, they show that planets around BDs more massive than 0.04 M could stay in the HZ up to a few gigayears (see Figure 6 ), leaving plenty of time for life to potentially appear and evolve (Bolmont et al. 2011) . One planet system vs multiple planet system However, once the planets reach the HZ and assuming they could retain a sufficient part of their initial water reservoir, the presence of surface liquid water is still not yet assured.
Let us first consider that there is only one planet in the system. Fig. 5 shows that by the time close-in planets reach the HZ (after a few 10 Myr to 100 Myr, see Fig. 3 ), planetary tides have had time to damp the initial obliquity, synchronize the rotation and damp the eccentricity so that planets are on a circular orbit, have a zero obliquity and are tidally locked. The planet therefore always shows the same side to the BD and its poles receive very little light. This raises the problem of the possible existence of regions on the planet where the temperature is constantly lower than the melting point of water and where all the water of the planet will condense (the so called "cold traps", e.g. Joshi 2003) . In this configuration, the night side and the poles could be cold traps and the planet would not be able to host surface liquid water.
However, there are mechanisms which can prevent the appearance of cold traps or that can prevent synchronization altogether. For instance, the existence of a dense enough atmosphere would allow a better heat repartition and allow surface liquid water just as Wordsworth et al. (2011) showed for Gliese 581 d (a super-Earth orbiting a 0.3 M dwarf). Also, if planets are synchronized on a close-in orbit, their rotation could trigger winds that would efficiently redistribute heat to the night side (Showman and Polvani 2011; Leconte et al. 2013; Bolmont et al. 2016) . Recently, Turbet et al. (2016) and Turbet et al. (2017) respectively showed that Proxima-b and TRAPPIST-1 e, f, g could have surface liquid water despite a synchronous rotation. Furthermore, a high enough geothermal flux could also prevent the appearance of cold traps. Finally, recent works (e.g. Leconte et al. 2015) showed that the atmospheric tides could act to desynchronize the rotation for planets around lowmass stars. Atmospheric tides are different from gravitational tides: the repartition of mass in the atmosphere is due to the irradiation from the star not the gravitational pull of the star (e.g. Gold and Soter 1969) . Auclair-Desrotour et al. (2017) showed that the outcome of atmospheric tides actually depends the stability of atmospheric layers close to the ground (only a convective atmosphere can act to desynchronize the rotation). The prediction of the rotation state of HZ planets is therefore not straightforward. JWST observations could help establish the presence of an atmosphere and distinguish between a convective atmosphere or a stably stratified atmosphere, which would tell us if the planet is likely to be synchronized or not. Note that Leconte et al. (2015) also showed that for stars of mass lower than 0.3 M , gravitational tides might prevail on atmospheric tides, but this should be investigated further.
The situation differs significantly if the planet is part of a multiple planet system. Due to planet-planet interactions, both eccentricity and obliquity do not tend to 0 but to an equilibrium value which is the result of the competition between planet-planet excitation and tidal damping.
An extreme case of planet-planet interactions is the Mean Motion Resonance (MMR), which happens when the ratio between the orbital period of two planets is commensurable. One of the consequences is that the eccentricity of both planets is excited to higher levels. A close-by example is the 1:2:4 MMR between Io, Europa and Ganymede. The resonance maintains a non-negligible eccentricity and causes Io to experience an intense internal heating due to the stress it experiences on one orbit. Spencer et al. (2000) estimated the internal heat flux of Io to be around 3 W/m 2 . This high heat flux is responsable for the intense volcanic activity (e.g. the Tvashtar volcano, Spencer et al. 2007 ). To give a point of comparison, the internal heat flux of Earth is about 40 times lower than Io (about 0.08 W/m 2 but mainly due to radioactivity; e.g., Davies and Davies 2010) . A tidally evolving planet in the HZ of a BD could thus experience such an intense tidal heating that it can have repercussions on the internal structure of the planet (Mantle overheating, e.g. Běhounková et al. 2011 and Henning and Hurford 2014 ; Effect on the planetary magnetic field, e.g. Driscoll and Barnes 2015) and it can drive the atmosphere of the planet in a runaway greenhouse state. Jackson et al. (2008) , Barnes et al. (2009 Barnes et al. ( , 2013 investigated this latter phenomenon for planets around M-dwarfs and more massive stars and introduced the notion of "tidal habitable zone" and "tidal Venus" planets: they are in the classical HZ but have a tidal heat flux higher than 309 W m −2 , which triggers the runaway greenhouse state. Bolmont (2013) investigated the effect of tides on the HZ limit around BDs for different eccentricities and different albedos for the planet. Fig. 7 shows the HZ limit for a planet orbiting a 0.04 M BD a) not taking into account tidal heating b) taking into account tidal heating (and assuming a dissipation equal to the Earth's, Neron de Surgy and Laskar 1997). Eccentricity has an effect on the HZ limits: the higher the eccentricity, the farther the HZ limits (see Fig. 7a ). When taking into account tidal heating the HZ inner limit is strongly impacted. Overall, tidal heating has the effect of narrowing the HZ by pushing away the inner edger more than the outer edge. While Bolmont (2013) did not investigate the effect of the obliquity, note that a non-zero obliquity would also act as to push and narrow the HZ even more.
In multiple planet systems, the eccentricity and obliquity can be maintained to high enough levels so that tidal heating has an impact on the potential of the planet to host surface liquid water. Bolmont et al. (2014) extended the works of Barnes et al. (2013) to treat the specific case of multiple planet systems around BD. They illustrated the importance of tides by considering the case of a system of three Earthsized planets orbiting just outside the corotation radius of a 0.08 M dwarf for two different tidal dissipation factors. The planets experience a convergent outward migration, which leads either to a resonant capture for a high BD dissipation or not for low dissipation. In the case of a high BD dissipation, they found that the planets enter a MMR chain (1:2:4) in a few million years of evolution. Fig. 8 shows the short term evolution of such a system at an age of 1 Gyr for the two cases. The two inner planets are in the HZ. The eccentricities of the planets in case a) are relatively small < 0.07 but in case b) due to the MMR excitation, they can reach 0.15. In case a), the average of the tidal heat flux of the inner planet remains below the runaway greenhouse limit. In case b), its tidal heat flux is almost always above the runaway greenhouse limit: in spite of being in the HZ, it would therefore be a "tidal Venus" and would be too hot to host surface liquid water. The middle planet (in green), also in the HZ, with a flux higher than Io's in case b) would experience a intense volcanism, which could be problematic for potential life. Conversely, this planet spends some time around aphelion outside the insolation HZ and could be too cold to be able to sustain a potential liquid water reservoir. However taking into account tidal heating could improve the conditions for habitability at apocenter. One could imagine a more extreme case of a planet on an orbit completely outside the HZ but heated up by tides sufficiently to be able to host surface liquid water. This mechanism can facilitate the habitable conditions for planets on the outer edge of the HZ or even exterior to the HZ. Recently, Ramirez & Kaltenegger 2017 showed that volcanoes ejecting hydrogen in the atmosphere in a regular way could contribute to extend the HZ farther than the classical limits. Such volcanism maintained by tides in a multi-planet system could therefore be favorable to surface liquid water conditions in the colder regions of a system. Therefore, when assessing habitability of planets in the HZ of BDs, one should investigate if tides are strong enough to drive a runaway greenhouse Bolmont et al. 2014) . If the planet absorbs an average flux (Φ + Φ tides ) lower than the greenhouse limit, the planet can sustain a liquid water reservoir, but if it receives an average flux higher than the greenhouse limit the planet will be too hot to be able to sustain a liquid water reservoir.
Brown dwarfs' variability
Some brown dwarfs are known to be variable objects at various wavelengths: from near-IR (e.g. Artigau et al. 2009 , thought to be due to clouds or spots) to X-ray (Rutledge et al. 2000) .While the photometric variability is of relatively low amplitude (Buenzli et al. 2014 ) and probably does not have a significant impact on the atmosphere, the energetic flares can potentially have a negative effect on the atmosphere (driving water loss as during the runaway greenhouse phase, see previous section) and life (e.g. Tabataba-Vakili et al. 2016 for M-dwarfs) .
The effect of energetic flares has been widely discussed for M-dwarfs. For instance, UV flares can lead to ozone depletion, which increases the penetration of the UV photons and can damage eventual surface life (Segura et al. 2010) . Depending on their frequency, the flares can also alter the chemistry of the planet preventing it from reaching an equilibrium (Venot et al. 2016; Segura et al. 2010) . Recently, Vida et al. (2017) and O'Malley-James and Kaltenegger (2017) estimated that the UV environment of the TRAPPIST-1 system might be too harsh for life.
However, brown dwarfs might be quieter than M-dwarfs (Mohanty et al. 2002; Williams et al. 2014) . Besides, the measured activity in itself might not be representative of what the planet actually receives during flaring events: the planet is impacted only if the flare is in its direction (Segura et al. 2010) . Furthermore, the effect of these energetic radiations also strongly depends on the atmosphere of the planet (e.g. O'Malley-James and Kaltenegger 2017) and its magnetic field (e.g. Kay et al. 2016) . Finally, despite all the drawbacks of receiving energetic radiations, Ranjan et al. (2017) also pointed out that some UV might be required for the origin of life.
The questions of the influence of harmful flares on the planetary environment of planets around cool dwarfs will benefit both from the future observations of the atmospheric chemistry of these objects and the necessary constraints on the dwarf's complete spectrum.
Observational perspectives for planets around brown dwarfs (and more generally cool dwarfs)
The future prospects of observation and characterization of planets around BD have never been better (He et al. 2017) . A few missions are either dedicated to planets orbiting very faint objects: TRAPPIST (Gillon et al. 2011) , SPECULOOS and SPIRou (Artigau et al. 2011) ; or able to observe them such as the K2 mission (Haas et al. 2014) and Spitzer (as proposed by Triaud et al. 2013 , based on a study of Belu et al. 2013) .
The recent discovery of the multiple planet system around TRAPPIST-1 (Gillon et al. 2016 highlights the importance of studying these objects. TRAPPIST-1 is a quasi BD, just above the theoretical limit between BDs and M-dwarfs, and illustrates the fact that planets will probably be found around BDs in the near future (e.g., with SPECULOOS, Gillon et al. 2013) . Planetary systems around very low mass stars and BDs (hereafter ultra-cool dwarfs) are dynamically rich: the planets are tidally evolving, most systems are compact and therefore planet-planet interactions play a major role.
What makes the planetary systems orbiting ultra-cool dwarfs even more interesting is the prospect of future observations. Indeed the planets in the HZ of cool dwarfs are the only HZ planets whose atmosphere can be probed by telescopes such as the JWST (Belu et al. 2013) . For instance, Barstow and Irwin (2016) recently showed that ozone could be detected in the atmosphere of the three inner planets of TRAPPIST-1 with a high number of transits (at least 60 for TRAPPIST-1c). Morley et al. (2017) also showed that it could be potentially possible to differentiate between an Earth-like, a Venus-like and a Titan-like atmosphere with JWST observations of TRAPPIST-1c. For non-transiting planets, there are also possibilities via emission spectroscopy with the E-ELT and emission phase curves with the JWST (see Turbet et al. 2016 , for a discussion about Proxima-b).
The era of planets around BDs is almost upon us and these objects will represent a highly interesting scientific domain. Rocky planets around BDs (and very low-mass stars, such as the TRAPPIST-1 planetary system), will allow us to do comparative planetology and explore in a unique way the effect of tidal orbital dynamics on the potential climate of these planets.
